Objective: To investigate the hypercholesterolemic effects of a dietary exchange between 16:0 and 18:1 while 18:2 was at relatively lower level ( % 4%) in aged women with initially high total serum cholesterol (TC) and low density lipoprotein cholesterol (LDL-C) values and with high intakes of dietary cholesterol. Design: Subjects were assigned to two consecutive 28 d periods. In the ®rst period all subjects followed an oleic acid-rich diet in the form of oleic acid-rich sun¯ower oil. This was followed by a second period rich in palmitic acid in the form of palmolein. Nutrient intakes, serum lipids, lipoproteins, antioxidant vitamins, peroxides and LDL-peroxides were measured at two dietary periods. Setting: Instituto de Nutricio Ân y Bromatologõ Âa (CSIC), Departamento de Nutricio Ân y Bromatologõ Âa I (Nutricio Ân) and Seccio Ân Departamental de Quõ Âmica Analõ Âtica, Universidad Complutense, Madrid, Spain. Results: The palmolein period led to an increase in TC (P`0.001; 17.7%) and serum apolipoprotein (Apo) B levels (P`0.001; 18.0%). LDL-C and LDL-Apo B concentrations were higher (P`0.001, 4.33AE 0.94 mmolaL and P`0.01, 1.08 AE 0.20 gaL, respectively) following this period than following the oleic acid-rich sun¯ower oil diet (3.56 AE 0.85 mmolaL, 0.93 AE 0.16 gaL, respectively). No signi®cant differences were observed in the TCahigh density lipoprotein cholesterol (TCaHDL-C) ratio between the two dietary periods. Serum and LDLperoxides were lower (P`0.01, 49.5%, and P`0.001, 69.0%, respectively) after the palmolein diet than after the oleic acid-rich sun¯ower oil diet. The palmolein diet signi®cantly increased TC, LDL-C, Apo B, VLDLApoB, LDL-ApoB in women with TC ! 6.21 mmolaL or with TC`6.21 mmolaL, but the increase in Apo B, LDL-C and LDL-Apo B was greater among the women with high TC. The palmolein diet increased HDL-C in women with high or with low TC but this rise was on the borderline of statistical signi®cance (P 0.06) only in normocholesterolemics. Serum and LDL-peroxides tended to be higher in women with TC ! 6.21 mmolaL than in women with TC`6.21 mmolaL, but palmolein decreased serum and LDL-peroxide in hypercholesterolemics more than in the normocholesterolemics, resulting in serum and LDL-peroxide levels which theoretically are more adequate. Conclusions: Though palmolein increased LDL-C concentrations, it better protected LDL particles, mainly in women with high TC, against peroxidation than did oleic acid-rich sun¯ower oil. Sponsorship: This study was supported by the Spanish Comision Interministerial de Ciencia Y Tecnologõ Âa
Introduction
Several studies have recognised a wide variation in the response to fat quality among individual human subjects or among individual saturated fatty acids (SFA), lauric acid (12:0), myristic acid (14:0), palmitic acid (16:0) and stearic acid (18:0) on their ability to in¯uence plasma total cholesterol (TC) and more speci®cally the atherogenic low density lipoprotein (LDL) fraction or protective high density lipoprotein (HDL) fraction concentrations (Jacobs et al, 1983; Becker et al, 1983; Grundy & Vega, 1988) .
Early studies in human subjects established that 12:0, 14:0 and 16:0 exerted equal effects on plasma TC (Keys et al, 1965) . Nevertheless, Hegsted et al (1965) noted that 14:0 was more hypercholesterolemic than 12:0 or 16:0. These authors (Keys et al, 1965; Hegsted et al, 1965 ) also reported that 18:0 was neutral. Further, several studies (Mattson & Grundy, 1985; Bonanone & Grundy, 1988) have shown that 16:0 increases TC and LDL-cholesterol (LDL-C) when it is substituted for carbohydrates or monounsaturated fatty acids (MUFA) in the diet. However, according to Dietschy (1998) recent important observations have been made in relation to the quantitative effect of dietary fatty acids (FA) on TC that seem to be dependent on the cholesterol consumption, because the simultaneous consumption of either SFA or unsaturated fatty acid will raise or lower, respectively, the LDL-C concentration achieved by the dietary cholesterol. Data of Spady & Dietschy (1998) in hamsters and Fielding et al (1995) in humans have also indicated that the effect of SFA is quantitatively much greater when larger amounts of cholesterol are added to the diet. Moreover, practically no effect on the LDL-C concentrations has been found when little cholesterol was present in diet.
Moreover, it was also described ) that 16:0 exerted different effects on serum TC depending on other host circumstances (for example, low intake of linoleic acid (18:2) plus hypercholesterolemia). In this way TC concentration was not affected in healthy normocholesterolemic humans where dietary 16:0 was exchanged for oleic acid (18:1) (within the normal dietary range of these FA) (Ng et al, 1992) . However, in humans with TC b 225 mgadl, dietary 16:0 had a hypercholesterolemic effect compared to either 18:1 or 18:2 (Mattson & Grundy, 1985) . Nevertheless, the last authors studied rather high quantities of FA in the diet (for example b 10% of dietary energy from 18:2 or b 20% of dietary energy from 18:1).
A summary of the results of several studies on the effects of dietary FA on TC in the cebus monkey indicated that dietary 14:0 and 16:0 were different in their effects on cholesterol metabolism while the ability of 18:2 to reduce TC displays an upper limit or threshold . In normocholesterolemic subjects with low cholesterol intakes (`300 mgad), 16:0 failed to raise serum TC. However, in hypercholesterolemic subjects (cholesterol intake b 300 mgad) 16:0 normally increased plasma TC. Therefore effect of palmitic acid on TC would also be related to basal TC levels.
Furthermore, according to The Lipid Research Clinics Program Epidemiology Committee (1979) and Williams (1997) , gender-related differences in HDL cholesterol (HDL-C) levels persist throughout adult life, whereas the lower LDL-C level found in women disappears after menopause. Both TC and LDL-C were found to be signi®cantly higher in postmenopausal women than in premenopausal women (Mata et al, 1992) . Several studies support the hypothesis that oxidation contributes to the development of atherosclerosis. Elevated plasma lipid peroxide levels are associated with ischemic heart disease and peripheral arterial disease (Stringer et al, 1989) , and increased susceptibility of LDL to oxidation is associated with the degree of coronary stenosis in young men (Regnstro Èn et al, 1992) . Many details of the mechanism for LDL oxidation in vivo remain to be determined; however, certain serum components may in¯uence the oxidation of serum lipids. Moreover, a signi®cant association has been observed between oxidation related variables and certain lipid and lipoprotein risk factors such as triglycerides, TC and apolipoprotein (Apo) B (Craig et al, 1995; Stringer et al, 1989) .
The purpose of this study was to compare the effects of a dietary exchange between 16:0 and 18:1, while 18:2 was at relatively low level ( % 4%) in postmenopausal women with high intakes of dietary cholesterol ( % 400 mgad). Other FA were held relatively constant by substituting in the diet oleic acid-rich sun¯ower oil for palmolein. This study represents a ®rst test of the hypothesis that 16:0 can be hypercholesterolemic compared to 18:1 in postmenopausal women with initially high TC and LDL-C values and with high intakes of dietary cholesterol (b 300 mgad). In addition, the peroxidative status of plasma and LDL at the end of each dietary period was investigated since both oils are rich in antioxidants (Choudhury et al, 1995) but palmolein was particularly rich in tocotrienols and showed a higher saturation index.
Methods

Subjects
One closed, female, religious community was studied. The subjects were chosen because of their regular lifestyle, age, and dietary habits. A peculiarity of their diet was the absence of meat or meat products. Another peculiarity was their relatively high intake of cholesterol from eggs and whole milk. The mean age of the 14 subjects who ®nished the study was 63 AE 11y. All were postmenopausal. These combined circumstances accounted for the relatively high basal levels of TC preceding the experimental diets (6.41 AE 1.15 mmolaL). The group might therefore be considered mildly hypercholesterolemic. Fifteen subjects were initially enrolled in the study, but one was later excluded because she was premenopausal. No subject presented previous cardiovascular, metabolic or systemic disease or took any drug that might affect lipid metabolism. All subjects gave their informed consent to be included in the study. The study protocol was approved by the Committee for Human Studies at the Universidad Complutense de Madrid, and performed in accordance with the Helsinki Declaration. Subjects were requested to live as they did before the study, maintaining their normal patterns of activity, and were urged to add no extra food to their meals.
Experimental design
Subjects were assigned to two consecutive 28 d periods. In the ®rst period all subjects followed a diet enriched in oleic acid, using as the only culinary fat oleic acid-rich sun¯ower oil. This was followed by a second dietary period rich in palmitic acid from palmolein.
Diets
The regular diet of the community was assessed for four weeks using the`precise weighing method' (Marr, 1971) . All ingredients used in the preparation of dishes were weighed, as well as the inedible wastage. The cooked weight of individual portions and table waste were also recorded. Energy and nutrient intakes were calculated using tables of food composition for the raw weights of foodstuffs (Moreiras et al, 1995; Holland et al, 1994) . Two investigators were present every day in the community's kitchen during the preparation of meals. Subjects consumed a basal diet containing, as culinary fat, a homogeneous mix (1:1, vav) of olive oil and re®ned sun¯ower oil.
During the two consecutive experimental dietary periods, menus and individual rations were kept constant with respect to the basal diet. Experimental diets were assessed for four weeks in the same way as above (Moreiras et al, 1995) . The single distinguishing feature of the diets was the oil used: oleic acid-rich sun¯ower oil (Koipe Co., Andu Âjar, Spain) during the ®rst 28 d period, and palmolein (AGRA S.A., Bilbao, Spain) during the second period. Both oils were used for cooking (for saute Âing, frying and pot-roasting, and the preparation of ®sh, egg, vegetable and other stews) and salad dressing. Since palmolein is solid at room temperature, this oil was liqui®ed by keeping the amount to be used in a water bath at % 30 C just before use. In order to ensure individual consumption of palmolein in salads, subjects were advised to take any oil remaining on their dishes using small pieces of bread. Basal and experimental diets (14-d menu) had the same energy and cholesterol contents and contained similar amounts of most of the essential nutrients (except for essential fatty acids, fatsoluble vitamins and other related compounds).
Body weight was measured twice a week and energy intake adjusted as needed to maintain the initial weight.
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Laboratory analyses
The fatty acid content of the oils was analysed using a Hewlett-Packard 5890 Series II gas chromatograph (Palo Alto, California) equipped with a 50 m, ID 0.22 mm capillary PBX70, 0.25 mm ®lm thickness (SGE, Austin, Texas). Blood samples were collected by venipuncture at 08.30 h following a 12 h overnight fast. Serum was separated by low speed centrifugation at 15006g at 4 C for 30 min within 1 h of sampling. TC and triglycerides were determined in serum samples and in lipoprotein fractions using a Technicon RA-500 autoanalyzer (Tarrytown, New York) and standard enzymatic procedures. To reduce interassay variation of TC, triglycerides and lipoprotein lipid measurements were performed after the completion of the experiment by using aliquots stored at 770 C. Apo determinations were performed in fresh samples. Lipid determinations from very low density lipoprotein (VLDL), LDL or HDL fractions were performed after their isolation from serum by 21 h density gradient ultracentrifugation at 40 000 rpm (272 000 g) and 8
C in a Beckman L8-70M ultracentrifuge, SW-41 rotor (Palo Alto, California), following the method of Terpstra et al (1981) . All determinations were carried out in duplicate. Commercially available quality controls (Precinorm reference 225053, and Precilip reference 781827; Boehringer Mannheim, Mannheim, Germany) were included in all assays. Apo were determined in fresh serum aliquots the same day blood was collected, using a Technicon RA-500 autoanalyzer, employing the same manufacturer's commercialised immunoturbidometry method. Plasma tocopherols and b-carotenes were determined by means of reversed phase high performance liquid chromatography (HPLC) (Hess et al, 1991) . Plasma and LDL peroxide levels were determined as thiobarbituric acid reactive substances (TBARS) according to the method of Yagi et al (1984) .
Statistical analyses
The paired Student's t-test was used to assess the effects of both oils. The unpaired Student's t-test was used to assess the effects of both oils on women with TC`6.21 mmolaL or TC ! 6.21 mmolaL at the start of the oleic acid richsun¯ower oil period. In both text and tables, all data are presented as means AE s.d. Pearson product±moment correlations between the change induced by palmolein on TC and the previous TC level were also studied.
Results
All subjects maintained a constant body weight during the study. The basal mean body weight of subjects was 54.3 AE 9.3 kg and mean body mass index 23.2 AE 3.4 kgam 2 . Table 1 shows the fatty acid composition of the oils. The percentages of 18:2 and 18:0 were similar in the oleic acid rich-sun¯ower oil and the palmolein, however palmolein contains higher and lower percentage of 16:0 and 18:1, respectively. The contribution of fat and fatty acids of different food groups is shown in Table 2 . The absence of meat and meat products in the diets should be noted. Fats plus oil contribute two-thirds of the total lipids in both experimental periods. The fats plus oil group was the main source of MUFA (18:1) and PUFA (18:2), while milk and dairy products were the main contributors 14:0 and 18:3 in both dietary groups. During the palmolein diet SFA and 16:0 were mainly apported by the fats and oil food group. Mean daily intake of macronutrients and different fatty acids during basal and experimental diet periods is presented in Table 3 . The average daily cholesterol intake was $ 400 mg. Daily ®ber intake amounted to 16.5 g. 90.1 g and 88.1 g of fat were consumed in the oleic acid-rich sun¯ower oil and palmolein periods respectively. The experimental oils provided $ 62% of the total fat intake in each case.
Dietary assessment
Lipids and lipoproteins
Mean serum lipids and lipoprotein compositions obtained following the experimental periods are shown in Table 4 . Compared to the oleic acid-rich sun¯ower oil diet, the palmolein diet resulted in signi®cant increases in TC (17.7%, P`0.001), LDL-C (21.6%, P`0.001), Apo B (18.0%, P`0.001) and LDL-Apo B (16.1%, P`0.01). There was also a signi®cant increase in HDL-C following the palmolein period (14.9%, P`0.05) with respect to the oleic acid-rich sun¯ower oil period, while the Apo AIaApo B ratio was decreased (P`0.001). Nevertheless, as result of the combination of changes in LDL-C and HDL-C, LDL-CaHDL-C and TCaHDL-C ratios for the palmolein period were not different from those of the oleic acid-rich sun¯ower oil period. Table 5 shows the lipid and lipoprotein composition in oleic acid-rich sun¯ower oil and palmolein diets in women with TC ! 6.21 mmolaL and TC`6.21 mmolaL. The palmolein diet signi®cantly increased TC, LDL-C, Apo B, VLDL-ApoB, LDL-ApoB in women with TC ! 6.21 mmolaL and with TC`6.21 mmolaL, but the increase in Apo B, LDL-C and LDL-Apo B was greater among the women with high TC. The palmolein diet increased HDL-C in women with high or with low TC but this rise was on the borderline of statistical signi®cance (P 0.06) only in normocholesterolemics. Women with high TC showed signi®cantly higher Apo B, Apo A-I, LDL-C, and LDL-Apo B in both dietary periods. HDL-C was signi®cantly higher following the high oleic acid-rich sun¯ower oil diet in women with TC ! 6.21 mmolaL, but also tended to be higher in the women with high TC following the palmolein diet. The LDL-CaHDL-C, TCaHDL-C and the Apo A-IaApo B ratios were not affected by the TC level.
There were non signi®cant differences when the palmolein effect on lipid or lipoprotein levels was compared in women with TC`6.21 mmolaL with respect to women with TC ! 6.21 mmolaL. However, the effect of palmolein Lipemia from palm and oleic acid-rich sun¯ower oils C Cuesta et al Table 2 footnotes.
Lipemia from palm and oleic acid-rich sun¯ower oils C Cuesta et al on LDL-C and LDL-Apo B tended to be greater in hypercholesterolemic women (0.94 mmolaL vs 0.65 mmolaL, and 0.17 gaL vs 0.13 gaL, respectively) while palmolein produced a lower increase on HDL-C and Apo A1 in women with TC ! 6.21 mmolaL than in women with TC`6.21 mmolaL (0.17 mmolaL vs 0.38 mmolaL, and 72.33 mgadL vs 2.0 mgadL, respectively). Changes in TC did not signi®cantly correlate with previous TC values (data not shown). Table 4 shows serum and LDL peroxide levels as TBARS levels following the two experimental periods. The level of peroxides in serum following the palmolein diet was signi®cantly (P`0.01) lower than following the oleic acidrich sun¯ower oil period. LDL peroxides were also signi®antly lower (P`0.001) following the palmolein period than following the oleic acid-rich sun¯ower oil period. Table 5 shows the serum peroxide and LDL-peroxide concentrations in women with TC ! 6.21 mmolaL and TC`6.21 mmolaL in the oleic acid-rich sun¯ower oil diet and the palmolein diet. Serum and LDL-peroxides tended to be higher in women with TC ! 6.21 mmolaL than in women with TC`6.21 mmolaL, but palmolein decreased serum and LDL-peroxide in hypercholesterolemics more than in normocholesterolemics. Women with Lipemia from palm and oleic acid-rich sun¯ower oils C Cuesta et al high TC displayed signi®cantly higher LDL-peroxides in both dietary periods. Serum peroxides were signi®cantly higher following the high oleic acid-rich sun¯ower oil diet in women with TC ! 6.21 mmolaL.
Serum and LDL peroxides
Changes in the level of serum peroxides in women with TC`6.21 mmolaL with respect to those of normocholesterolemics following the palmolein diet were on the borderline of statistical signi®cance (P 0.066; 70.86 nmolamL vs 70.16 nmolamL) while changes in LDL-peroxides were signi®cantly lower (P`0.05; 70.33 nmolamL vs 70.10 nmolamL).
Antioxidants in the experimental oils and in plasma
The vitamin E contents of the experimental oils and the plasma antioxidant concentrations measured during the different dietary periods are shown in Table 6 . Total tocopherol were signi®cantly lower (P`0.0001) in palmolein than in the oleic acid-rich sun¯ower oil, but palmolein was rich in tocotrienols. At the end of the two experimental periods, the means of serum a-and g-tocopherol concentration were not different between diets. However, plasma b-carotene isomers and total b-carotene concentrations were signi®cantly higher (P`0.001) for the palmolein diet than for the oleic acid-rich sun¯ower oil diet. It should be noted that although tocotrienol concentrations were higher in the palmolein than in the oleic acid-rich sun¯ower oil, these tocotrienols were not detectable in plasma. In addition, ascorbate concentrations tended to be higher with the palmolein diet than the oleic acid-rich sun¯ower oil diet. Table 6 shows that women with high TC levels, with the exception of ascorbate, tended to have signi®cantly higher antioxidant levels than women with normal TC. These differences were not signi®cant following the palmolein diet, with the exception of g-tocopherol. Thus, changes in antioxidant levels following the palmolein period were not different in women with TC ! 6.21 mmolaL than in women with TC`6.21 mmolaL, although changes in g-tocopherol were on the borderline of statistical signi®cance (P 0.08; 0.07 vs 70.04 mmolaL, respectively).
Discussion
Dietary exchange
The predominant dietary exchange which occurred was about 10% energy as 16:0 (5.0 AE 0.7% of total energy intake to 14.4 AE 2.8% of total energy intake) for 18:1 (27.0 AE 1.6% of total energy intake to 16.7 AE 1.0% of total energy intake). Therefore, all comparisons should be regarded as the result of the 16:0 and 18:1 exchange because there were only small differences in other FA (Tables 1 and 3 ). Moreover, a relatively high consumption of 14:0 due to a considerable whole milk consumption should be noted together with the relatively high consumption of cholesterol.
Serum lipid, lipoprotein and Apo concentrations
Initially, the women studied display a mild hypercholesterolemia with relatively high LDL-C and HDL-C levels. According to Gregory et al (1990) the most notable distinguishing feature of the female lipid pro®le is the higher concentration of HDL-C. Moreover, Stevenson et al (1993) have indicated that although LDL-C concentrations increase following menopause, adverse reductions in HDL are not as marked. Serum TC concentrations increased following the palmolein period compared to the oleic acid-rich sun¯ower oil period. Most of the present debate on the role of FA is centered on how 16:0 affects the metabolism of cholesterol. Hegsted et al (1965) established correlations between individual FA and plasma cholesterol. Nevertheless, in vivo FA are consumed as mixtures, not individually. Furthermore, the effects of dietary FA can be modulated by dietary interactions. In non human primates and humans, 12.0 14:0 were more hypercholesterolemic than 16:0 Hayes et al, 1991; Sundram et al, 1991) . In addition, in normocholesterolemic humans, dietary 16:0 can be exchanged for 18:1 (by the Table 6 Vitamin E concentrations in oleic acid-rich sun¯ower oil and palmolein and antioxidant vitamin concentrations in the plasma of all women, women with TC`6.21mmolaL (Normocholesterolemic) and women with TC ! 6.21mmolaL (Hypercholesterolemic) on oleic acid-rich sun¯ower oil and palmolein diets* a Different to plasma on oleic acid-rich sun¯ower oil diet (Paired Student's t-test); b Signi®cant differences in normocholesterolemics vs hypercholesterolemics in oleic acid-rich sun¯ower oil diet; c Signi®cant differences in normocholesterolemics vs hypercholesterolemics in palmolein diet (Unpaired Student's t-test); d Signi®cant differences in normocholesterolemics in oleic acid-rich sun¯ower oil diet vs normocholesterolemics in palmolein diet; e Signi®cant differences in hypercholesterolemics in oleic acid-rich sun¯ower oil diet vs hypercholesterolemics in palmolein diet (Paired Student's ttest).
Lipemia from palm and oleic acid-rich sun¯ower oils C Cuesta et al substitution of olive oil for palmolein) without affecting plasma cholesterol levels or the LDLaHDL ratio (Ng et al, 1992; Hayes, 1995) . indicated that 16:0, 18:1 and 18:2 have similar effects on LDL and HDL metabolism in normocholesterolemic primates when these monkeys were fed cholesterol free diets in the absence of dietary 14:0, and when the 18:2 threshold represented at least 4% of the total energy intake. Nevertheless, in monkeys which had down regulated LDL liver receptor (LDLr) through the consumption of high levels of dietary cholesterol, the same 16:0 elevated their plasma TC (Rudell et al, 1990) .
According to Dietschy (1997) , the steady-state LDL-C concentrations is determined by the LDL-production rate, the LDLr activity level and the af®nity by these receptors for the LDL particles. SFA such as 12:0, 14:0 and 16:0 when consumed together with cholesterol have been shown to increase LDL-C production and increase the serum LDL-C concentration in respect to that seen with cholesterol feeding alone. The possible proposed mechanism indicates that these SFA inhibit cholesterol ester (CE) pool formation and increase the cholesterol regulatory pool (Daumerie et al, 1992) leading to reduction of receptor mRNA concentrations and partially suppressed activity of LDLr. In contrast, 18:1, being a good substrate for the acyl cholesterol acyl transferase (ACAT), increases the amount of the CE pool and thus increases the LDL activity (Daumerie et al, 1992; Spady et al, 1993) .
In this present study, subjects were fairly elderly, mildly hypercholesterolemic women (LDL-cholesterol b 3.75 mmolaL) who consumed diets with high levels of cholesterol ( $ 400 mgad) and with a limited intake of 18:2 (3.7± 4% of the total energy). It would therefore be reasonable to assume a down regulation of LDLr activity leading to a hypercholesterolemic response to the 16:0 rich diet compared to the oleic acid rich sun¯ower oil diet. In the current study it was also observed that the palmolein diet resulted in higher VLDL-Apo B, LDL Apo B and LDL-C concentrations than did the oleic acid-rich sun¯ower oil diet.
These increases in serum VLDL-Apo B and LDL-Apo B imply that LDL-Apo B was not effectively cleared by the LDLr, or that increased synthesis and secretion of VLDL took place. As proposed above, down regulation of the LDLr activity may be assumed due to the high intake of cholesterol ( $ 400 mgad) together with the high contribution of SFA.
In situations where LDLr have been down regulated, LDL removal decreases and VLDL remnant removal should also decrease. Conversion of VLDL to LDL would then increase. Both of these circumstances would also increase LDL concentrations . Nevertheless, it has been reported that in young, normocholesterolemic men, where LDLr activity was not decreased, the consumption of 16:0 in a cholesterol free diet, led to an increase in VLDL-Apo B, with the increase in VLDL remnants rapidly and effectively removed by LDLr. This could explain the absence of differences in TC or LDLaHDL cholesterol ratio when 16:0 is exchanged for 18:1 in these individuals .
In this presents study, higher concentrations of HDL-C were found following the palmoleic period than following the oleic acid-rich sun¯ower oil period. The increase of both LDL-C and HDL-C resulted in no signi®cant changes in the TCaHDL-C ratio for either of the experimental diets. These metabolic data are consistent with enhanced VLDL catabolism, which indirectly generates HDL (Tall, 1990) . In addition, as proposed by Barter et al (1982) , an increase in plasma TC concentrations may be associated with increased lecithin-cholesterol-acyl-transferase (LCAT) activity and, therefore, with enhanced HDL-C levels. These authors postulated a redistribution of TC between plasma lipoproteins, mediated by an enzymatic complex formed by LCAT and its co-factor (Apo A-I-vitamin E dependent) and the Apo D or protein implicated in the transfer and exchange of esteri®ed cholesterol between plasma lipoproteins. Both mechanisms could explain the higher HDL-C concentration and the lack of signi®cant change in the TCaHDL-C ratio observed following the palmolein period.
As could be expected, women with TC ! 6.21 mmolaL showed higher LDL-C, LDL-Apo B and serum Apo B than their counterparts with TC`6.21 mmolaL. Vega et al (1991) have provided evidence that moderate hypercholesterolemia can arise for a number of reasons including increased cholesterol in LDL (that is, elevated cholesterolaApo B ratio or excessive input of LDL-Apo B). Women with high TC also showed signi®cantly higher HDL-C, although the differences between normo and hypercholesterolemic women were lower following the palmolein diet than following the high oleic acid-rich sun¯ower oil diet. A similar effect of the dietary substitution of 18:1 by 16:0 was found on TC in women with TC b 6.21 mmolaL and those with TC`6.21 mmolaL. However, the effect on LDL-C, HDL-C and the LDL-CaHDL-C ratio tended to be opposite in these two groups of women (LDL-C tended to increase more in hypercholesterolemics, while HDL did so more in normocholesterolemics).
Results from other studies indicate that in normocholesterolemic subjects with low cholesterol intakes (`300 mgad), 16:0 failed to raise serum TC. However, in hypercholesterolemic subjects consuming diets with high levels of cholesterol (b 300 mgad), dietary 16:0 increased plasma TC . Likewise hypercholesterolemic subjects consuming diets with low cholesterol levels, respond with a 16:0 induced elevation of TC relative to 18:1 (Mattson & Grundy, 1985) . Thus, the present results also suggest that together with the dietary interaction between 16:0, 18:2 and cholesterol, the level of basal serum TC could play an important role.
Antioxidant vitamin concentrations in the experimental oils and plasma, and peroxidative status of serum and LDL a-Tocopherol was the dominant form of vitamin E in plasma in both dietary periods (Table 6 ). a-Tocopherol remains the major form of plasma vitamin E even when diets containing predominantly g-tocopherols are consumed, for example in the North American diet (Tran & Chan, 1992) . Hayes et al (1993) found, in both human and hamsters, that the plasma of fasted subjects contained almost entirely a-tocopherol with only a very small proportion of other tocopherols even after supplementation with tocotrienols.
In this present study, higher amounts of tocotrienols and lower amounts of a-tocopherol were found in palmolein than in oleic acid-rich sun¯ower oil. Palmolein is rich in vitamin E, a-tocopherol and especially tocotrienols (Choundhury et al, 1995) . The latter was not detectable in plasma, probably because of its conversion in the body, by hydrogenation, to a-tocopherol. This was ®rst hypothesized by Threfall (1971) . In a study comparing palmolein Lipemia from palm and oleic acid-rich sun¯ower oils C Cuesta et al and olive oil, Choudhury et al (1995) reported that tocotrienols wee barely detectable in plasma. Therefore, in the present study, the plasma a-tocopherol concentrations seen following the palmolein period could be due to the conversion of tocotrienols to a-tocopherols. The lower rate (49.5%) of peroxides formation measured as TBARS in serum following the palmolein dietary period than following the oleic acid-rich sun¯ower oil period, could be related to the different antioxidant contents of the plasma samples.
Plasma vitamin E concentrations do not entirely depend on dietary intake but vary with those of lipoproteins (Cohn, 1997) . The level of serum antioxidants tended to be higher in women with high TC, which coincides with Davies et al (1969) who showed a high correlation between plasma concentrations of a-tocopherol and TC. However, differences in the antioxidant vitamin concentrations between women with TC ! 6.21 mmolaL and those with TC`6.21 mmolaL tended to be lower following the palmolein diet.
Important contributions to plasma and LDL oxidation come from the amount of plasma cholesterol and PUFA, and the PUFA:SFA ratio. In the present study the greater amount of SFA seen in palmolein than in oleic acid-rich sun¯ower oil could be related to the lower serum and LDL peroxides seen following the palmolein diet than following the acid-rich sun¯ower oil diet.
It is important that serum and LDL-peroxides tended to be higher in women with TC ! 6.21 mmolaL than in women with TC`6.21mmolaL. All these data suggest a greater atherogenicity of the LDL fraction among the hypercholesterolemics, because oxidised LDL may be atherogenic not only by its ability to load macrophages with cholesterol, but also because it is chemotactic for circulating monocytes, cytotoxic, and can adversely alter coagulation pathways (Wiztum & Steinberg, 1991) . However, dietary change decreased the differences between high and normal TC groups, because following the palmolein diet a higher tendency was found for serum peroxide to decrease in hypercholesterolemics than in normocholesterolemics. Data in LDL-peroxide are important because the decrease within hypercholesterolemics was signi®cantly higher than in the normocholesterolemics, resulting in more adequate LDL-peroxide levels. This suggests that among hypercholesterolemics, antioxidant vitamins are more effectively used in the palmolein period than in the oleic acid-rich sun¯ower oil period to protect LDL against peroxidation.
Conclusions
The present study shows that a substitution ( $ 10% of energy) of 16:0 (from palmolein) for 18:1 (from high oleicacid sun¯ower oil) results in a signi®cant increase in serum LDL-C concentration. In addition, VLDL-Apo B and LDLApo B levels were also increased. Nevertheless, HDL-C concentrations were higher following the palmolein period. The increase in LDL-C and HDL-C resulted in no signi®cant changes in the LDL-CaHDL-C or the TCaHDL-C ratios at the end of the experimental diets. However, it should be noted that this occurred in fairly elderly women whose initial average TC level was moderately high, and who showed high dietary cholesterol intakes. This is important because age, gender and plasma cholesterol all in¯uence the response to SFA (Clifton & Nestel, 1992) . Excess serum TC generated by eating SFA is transported as serum lipoproteins, and its distribution between LDL and HDL depends on the preceding factors. The intake of 16:0 in populations which present these characteristics is therefore a risk factor of cardiovascular disease. However, the palmolein dietary period resulted in a signi®cantly lower serum and LDL peroxides than did the high oleic-acid sun¯ower oil dietary period. This could be related to the higher antioxidant concentrations of plasma following the palmolein period than following the oleic acid-rich sunower oil period. In addition, the greater quantity of SFA from palmolein could be also related with the lower peroxide levels of serum and LDL following the palmolein dietary period. The use of a cut-off point of 6.21 mmolaL among the postmenopausal women studies suggests that palmolein has a different effect on LDL-C, LDL-Apo B, VLDL-Apo B, LDL-peroxides and HDL-C in hypercholesterolemics than in normocholesterolemics.
